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Paper size determination device. 



© A paper size determination device comprises a 
paper sensor (25) for detecting paper passing a 
preset position on a feeding path and generating a 
detection signal, and a processing circuit for measur- 
ing the generation period of the detection signal 
supplied from the paper sensor (25) and determining 
the paper size according to the generation period 
measured. The processing circuit of the determina- 
tion device includes a step counter (40) for measur- 
ing and holding time data on the generation period 



of the detection signal, in response to the detection 
signal generated from the paper sensor (25), a mode 
counter circuit (39) for detecting that the step coun- 
ter has completed the measurement and generating 
a measurement completed mode, and a data pro- 
cessor (31) for detecting that the measurement com- 
pleted mode has been set, and determining the 
paper size according to the time data held by said 
step counter (40). 
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The present invention relates to a paper size 
determination device for determining the size of a 
sheet of paper which is actually loaded in the 
printing operation, for example, and more particu- 
larly to a paper size determination device for deter- 5 
mining the size of a sheet of paper by measuring 
the length of time required for the paper to pass a 
preset position on a paper feeding path. 

A laser printer or a copying machine are well 
known examples of an electrophotographic printing 10 
device. A typical electrophotographic printing de- 
vice includes a photosensitive drum serving as an 
image carrier, and further includes processing sec- 
tions disposed around the photosensitive drum, for 
effecting the charging, exposing, developing, 75 
charge transferring, cleaning, and discharging oper- 
ations. The photosensitive drum is rotated during 
the printing operation and sequentially subjected to 
the processes performed by the above processing 
sections. The charging section uniformly charges 20 
the surface of the photosensitive drum, the expos- 
ing section selectively exposes the surface to cre- 
ate an electrostatic latent image corresponding to 
image data, the developing section supplies toner 
to be affixed to that portion of the surface which 25 
corresponds to the electrostatic latent image, so as 
to convert the electrostatic latent image to a visual 
image, and the charge transferring section charges 
a sheet of paper from a paper supplying cassette 
and set in the charge transferring position so as to 30 
transfer the toner image on the drum to the paper. 
Thereafter, the paper is discharged to the exterior 
via a fixing section for fixing the toner image on the 
paper. Then, the cleaning section removes toner 
remaining on the drum and the discharging section 35 
removes any charges remaining thereon. 

The above electrophotographic printing device 
is constructed such that it determines the size of a 
sheet of paper actually loaded on the charge trans- 
ferring section during a normal printing operation. 40 
Specifically, a paper sensor is provided for detect- 
ing a sheet of paper passing a preset position on 
the paper feeding path, and the paper detection 
period is measured by a microprocessor which is 
used to control the entire printing operation. In 45 
order to measure the paper detection period, the 
microprocessor repeatedly checks the paper sen- 
sor, operates an internal timer after the paper is 
detected until the absence of the paper is detected 
by the paper sensor, and determines the paper 50 
size based on the length of the paper, which is 
obtained by multiplying time data derived from the 
timer by the paper feeding speed. For example, if 
a printing operation is started without it being 
known that the loaded paper supplying cassette 55 
does not contain sheets of paper of correct size, 
unwanted paper is supplied to the paper feeding 
path from the paper supplying cassette, at which 



time it is determined that the length of the paper 
does not correspond to the correct paper size. 
Consequently, it is necessary to replace the paper 
supplying cassette before the next printing opera- 
tion is started. The microprocessor sequentially 
controls the processing sections to create a toner 
image on the photosensitive drum, for example, in 
addition to checking the paper sensor. Therefore, 
the microprocessor must rapidly process various 
data necessary for each control operation so as to 
operate the processing sections at the proper tim- 
ings. However, if the microprocessor has to check 
the paper sensor frequently in order to determine 
the paper length correctly, this may delay the data 
processing operation. In order to prevent this prob- 
lem from occurring, time allocation for the respec- 
tive tasks must be set precisely, thus making it 
more difficult to create the required microprocessor 
program. 

The conventional device uses a microproces- 
sor having a relatively high processing ability so as 
to easily cope with the future modifications to the 
specification made by the software developing en- 
gineers. However, the cost of such a microproces- 
sor including the peripheral circuits is quite high, 
making it difficult to manufacture the conventional 
device at a relatively low cost. 

An object of the present invention is to provide 
a paper size determination device which reduces 
the work-load of the data processor used for deter- 
mining paper size. 

The above object can be attained by a paper 
size determination device comprising a paper sen- 
sor for detecting paper passing a preset position 
on a feeding path and generating a detection sig- 
nal, a measuring section for measuring and holding 
time data on the period of the detection signal in 
response to the detection signal generated from 
the paper sensor, and a data processor for deter- 
mining the paper size according to the time data 
held by the measuring section. 

In the above paper size determination device, 
the detection signal is generated from the paper 
sensor for the period during which the paper 
passes the preset position on the feeding path. The 
generation period of the detection signal is mea- 
sured and time data thereon held by the measuring 
section which is operated in response to the detec- 
tion signal. The data processor determines the 
paper size according to the time data obtained. 
Since the data processor does not have to check 
the paper sensor repeatedly, its workload is re- 
duced. Therefore, the data processor used is not 
required to have a high processing ability and has 
more time for performing other tasks. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
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which: 

Fig. 1 is a diagram showing the interna! struc- 
ture of a laser printer according to an embodi- 
ment of the present invention; 
Fig. 2 is a block diagram showing a control 
circuit of the laser printer shown in Fig. 1; 
Fig. 3 is a diagram showing more in detail part 
of the control circuit shown in Fig. 2; 
Fig. 4 is a timing chart explaining the operation 
of the circuit shown in Fig. 3; and 
Fig. 5 is a flowchart explaining the paper size 
determination operation of the control circuit 
shown in Fig. 2. 

A laser printer according to an embodiment of 
the present invention will now be described with 
reference to Figs. 1 to 5. 

Fig. 1 shows the internal structure of a laser 
printer. The laser printer includes a photosensitive 
drum 12 disposed in a housing 11, having a sur- 
face portion of a photoconductive material and 
serving as an image carrier, and further includes a 
charging section 14, exposing section 15, develop- 
ing section 16, charge transferring section 17, 
cleaning section 18 and discharging section 19 
which are disposed around the photosensitive drum 

12 as processing sections for effecting the elec- 
trophotographic printing operation. The photosen- 
sitive drum 12 is connected to a feed motor 13 
constructed by a stepping motor. In the printing 
operation, the photosensitive drum 12 is rotated in 
a clockwise direction by means of the feed motor 

13 and is subsequently subjected to various pro- 
cesses by the above processing sections 14, 15, 
16, 17, 18 and 19. The charging section 14 uni- 
formly charges the surface of the photosensitive 
drum and the exposing section 15 is constructed 
by a laser scanner for selectively exposing the 
surface of the photosensitive drum 12 to create an 
electrostatic latent image corresponding to image 
data. The laser scanner selectively exposes the 
surface of the photosensitive drum by use of a 
laser beam emitted according to the image data. 
The developing section 16 supplies developing 
powder attached to portions of photosensitive drum 
surface which correspond to the thus created elec- 
trostatic latent image to make the electrostatic la- 
tent image visible, that is, toner to the photosen- 
sitive drum 12. The charge transferring section 17 
charges a sheet of paper 21 supplied from a paper 
supplying cassette 20A which is detachably moun- 
ted on a paper supplying section 20 so as to 
transfer the toner image on the photosensitive 
drum 12 to the paper 21. The cleaning section 18 
removes toner remaining on the photosensitive 
drum 12, and the discharging section 19 removes 
any charges remaining thereon. 

The laser printer includes a pick-up roller 22, 
feeding rollers FR and discharging rollers 27 which 



are driven by means of the feed motor 13 so as to 
feed the paper 21 along a feeding path PH be- 
tween the paper cassette 20A mounted on the 
paper supplying section 20 and a discharging port 
5 28. The pick-up roller 22 is mounted so as to move 
from a home position set above the paper sup- 
plying section 20 and is set in contact with the 
paper received in the paper supplying cassette 20A 
by means of a paper supplying solenoid 23 which 
w is operated for a preset period of time when the 
photosensitive drum 12 has reached a preset rota- 
tion angle position. The paper 21 is taken out from 
the paper supplying cassette 20A by the pick-up 
roller 22 and fed to the feeding path PH. The 
15 feeding rollers FR feed the paper 21 thus supplied 
from the paper supplying cassette 20A to the dis- 
charging rollers 27 via the charge transferring sec- 
tion 17 and fixing section 26. The toner image is 
transferred from the photosensitive drum 12 to the 
20 paper 21 in the transferring position of the transfer- 
ring section 17 and is fixed on the paper by a 
heating rollers of the fixing section 26. The dis- 
charging rollers 27 discharge the paper 21 fed from 
the fixing section 26 to the exterior via the dis- 
25 charging port 28. 

Further, the laser printer includes a paper sen- 
sor 25 disposed at a preset position between the 
transferring section 17 and the paper supplying 
section 20, for optically detecting the paper 21 
so passing the above preset position. The paper sen- 
sor 25 generates an output signal according to 
whether or not the paper 21 is passing the preset 
position. That is, when the paper sensor 25 detects 
the paper 21 , an output signal of the paper sensor 
35 25 is set to a level different from that set when the 
paper 21 is not detected. 

Fig. 2 shows a control circuit of the laser 
printer. The control circuit includes a microproces- 
sor 31 for generally controlling the operation of the 
40 laser printer, a ROM 31 A for storing fixed data 
such as the control program of the microprocessor 
31 and the feeding speed of the paper 21, a RAM 
31 B for storing variable data such as image data 
created for printing operation and a printing inhibi- 
ts tion flag set for inhibiting the next printing opera- 
tion, and an I/O port 32 for permitting data to be 
transferred between portions to be described later 
and the microprocessor 31. The microprocessor 
31, ROM 31 A, RAM 31 B and I/O port 32 are 
50 connected to each other via a bus line 33. The I/O 
port 32 is connected to a solenoid driver circuit 34, 
motor driver circuit 35, exposing section 15, charg- 
ing section 14, high voltage power source 36, fixing 
heater 37, operating section 38, mode counter cir- 
55 .cuit 39, step counter 40, and sensor circuit 42. The 
paper supplying solenoid 23 is driven by the sole- 
noid driver circuit 34 and the feed motor 13 is 
driven by the motor driver circuit 35. The transfer- 
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ring section 17 is supplied with a high voltage 
necessary for the transferring operation from the 
high voltage power source 36. The operating sec- 
tion 38 includes various operation keys such as a 
start key, a printing number setting key and a 
paper size specifying key and a display. The sen- 
sor circuit 42 is used to control a sensor group 41 
including the paper sensor 25. 

Fig. 3 shows a paper size determination sec- 
tion of the control circuit shown in Fig. 2 in more 
detail, and Fig. 4 shows a timing chart of signals 
processed in the paper size determination section. 
The motor driver circuit 35 includes a clock pulse 
generator 35A for sequentially generating clock 
pulses SCK1 by control of a motor control signal 
ST supplied via the I/O port 32 and a phase excita- 
tion circuit 35B for rotating the feed motor 13 by 
one-step angle in response to each clock pulse 
SCK1 supplied from the clock pulse generator 35A. 
The motor control signal ST rises when start of 
rotation of the feed motor 13 is instructed and fails 
when interruption of rotation of the feed motor 13 is 
instructed. The clock pulse generator 35A gen- 
erates a clock pulse SCK1 in response to the rise 
of the motor control signal ST and interrupts gen- 
eration of the clock pulse SCK1 in response to the 
fall of the signal ST. The interval of the clock 
pulses SCK1 is kept constant in a period except 
short periods immediately after the starting opera- 
tion and immediately before the stop operation of 
the feed motor 13. Therefore, the paper 21 can be 
fed at a constant speed determined by the interval 
of the clock pulses SCK1 at least in a period in 
which the paper passes through the preset position 
set on the feed path PH. The interval of the clock 
pulses SCK1 is varied by the siow-up and slow- 
down control operations well known in the art and 
respectively effected immediately after the starting 
operation and immediately before the stop opera- 
tion of the feed motor 13. 

The mode counter circuit 39 includes a mode 
counter 43, a one-shot timer 44 and a transition 
detector 45. The sensor circuit 42 generates an 
output signal FSO according to an output signal 
supplied from the paper sensor 25. The output 
signal FSO is kept at an "H" level while the paper 
21 is not detected and kept at an "L" level while 
the paper 21 is being detected. The transition 
detector 45 detects the rise and fall of the output 
signal FSO supplied from the sensor circuit 42 and 
the one-shot timer 44 generates a pulse having a 
preset pulse width each time the transition detector 
45 detects either the rise or the fall of the output 
signal FSO and supplies the pulse as an output 
signal MCK1 to the mode counter 43. The mode 
counter 43 counts the pulse of the output signal 
MCK1 and is reset to a count "0" in response to 
the fall of the motor control signal ST supplied via 



the I/O port 32. At the time of starling operation of 
the feed motor 13, the count of the mode counter 
43 is at "0". 'The count is increased to "1" when 
the paper sensor 35 detects the paper 21 fed to 
5 the preset position and is kept at the value while 
the paper 21 is passing through the preset position. 
The count is further increased to M 2" when the 
paper sensor 25 detects that the paper 21 has 
passed the preset position and is reset to "0" when 
10 the feed motor 13 is stopped. Thus, the mode 
counter 43 always holds a count "0", "1 " or "2" 
and supplies a mode data MD specifying the mode 
"0", mode "1" or mode "2" to the I/O port 32 
according to the count held therein. 
75 Each clock pulse SCK1 is also supplied from 

the clock pulse generator 35A to the step counter 
40. The step counter 40 counts the clock pulse 
SCK1 for a period of time from the fall to the rise 
of the signal FSO supplied from the sensor circuit 
20 42 and supplies the counted value as data SD to 
the I/O port 32. When the counting operation of the 
step counter 40 is completed, the count set therein 
indicates the elapsed time of the paper 21 which 
varies depending on the length of the paper 21 and 
25 the count is kept held until the step counter 40 is 
reset in response to the fall of the motor control 
signal ST. Therefore, the microprocessor 31 
causes the motor control signal ST to fall after it 
has used the count. 
30 Next, the operation of the above laser printer is 

schematically explained. When the start key of the 
operating section 38 is operated to permit the 
printing operation, the microprocessor 31 starts the 
control operation for the charging section 14, ex- 
35 posing section 15, developing section 16, transfer- 
ring 9 section 17, cleaning section 18, discharging 
section 19, fixing section 26 and the like. 

The photosensitive drum 12 is rotated by 
means of the feed motor 13 and the respective 
40 processing sections are controlled according to the 
rotation angles of the photosensitive drum 12. The 
charging section 14 uniformly charges the surface 
of the photosensitive drum, the exposing section 15 
selectively exposes the surface of the photosen- 
45 sitive drum to create an electrostatic latent image 
corresponding to image data, the developing sec- 
tion 16 supplies toner to the photosensitive drum 
12 to attach the toner to that portion of the surface 
of the photosensitive drum 12 which corresponds 
so to the electrostatic latent image so as to make the 
electrostatic latent image visible, and the charge 
transferring section 17 charges a sheet of paper 21 
supplied from the paper supplying cassette 20A 
and set in the charge transferring position so as to 
55 transfer the toner image on the photosensitive 
drum 12 to the paper 21. The cleaning section 18 
removes toner remaining on the photosensitive 
drum 12 and the discharging section 19 removes 
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remaining charges on the photosensitive drum 12. 
After the charge transferring operation, the paper 
21 is discharged to the exterior via the fixing sec- 
tion 26 for fixing the toner image on the paper. 

Sn the starting operation of the feed motor 1 3, 5 
the microprocessor 31 sets the motor control signal 
ST to an "H" !evel after confirming that the mode 
data MD indicates the mode "0" and the print 
inhibition flag is reset. As a result, the clock pulse 
generator 35A generates the clock pulses SCK1 w 
and the phase exciting circuit 35B rotates the feed 
motor 13. At this time, the feed motor 13 rotates 
the pick-up roller 22, feed rollers FR and discharg- 
ing rollers 27 as well as the photosensitive drum 
12. 75 

Further, the microprocessor 31 operates the 
paper supplying solenoid 23 for a preset period of 
time when the photosensitive drum 12 has reached 
a preset rotation angle position, thereby setting the 
pick-up roller 22 into contact with the paper 21. 20 
The paper 21 is supplied from the paper supplying 
cassette 20A to the feed path PH and is then fed 
towards the transferring section 17 by means of the 
feeding rollers FR. 

When the front end of the paper 21 has 25 
reached the preset position on the feeding path PH 
and the paper detector 25 detects the presence of 
the paper 21, the output signal FSO of the sensor 
circuit 42 is changed from the "H" level to the "L" 
level and the step counter 40 starts to count the 30 
clock pulses SCK1 supplied from the clock pulse 
generator 35A. The fall of the signal FSO is de- 
tected by the transition detector 45 and one pulse 
is generated from the one-shot timer 44 in re- 
sponse to the detection signal from the transition 35 
detector 45. The mode counter 43 counts the pulse 
to supply mode data MD indicating the mode "1" 
to the I/O port 32. 

When the rear end of the paper has passed the 
preset position on the feeding path PH and the 40 
absence of the paper is detected by the paper 
sensor 25, the output signal FSO of the sensor 
circuit 42 is changed from the "L" level to the "H" 
level and the counting operation of the step counter 
40 for counting the clock pulses SCK1 supplied 45 
from the clock pulse generator 35A is interrupted. 
On the other hand, the rise of the signal FSO is 
detected by the transition detector 45 and one 
pulse is generated from the one-shot timer 44 in 
response to the detection signal from the transition 50 
detector 45. The mode counter 43 counts the pulse 
to supply mode data MD indicating the mode "2" 
to the I/O port 32. 

The microprocessor 31 effects the paper size 
determination process shown in Fig. 5 between the 55 
control operations for creating a toner image on the 
photosensitive drum 12. In the paper size deter- 
mination process, it is checked in the step S1 



whether or not the mode "2" is set by the mode 
data MD. When the mode "2" is not set, the paper 
size determination process is ended. When it is 
detected that the mode "2" is set, the count data 
SD of the step counter 40 is read in the step S2. It 
is checked in the step S3 if the count data SD 
belongs to one of the counting ranges R1 to Rn 
which are determined according to the paper sizes 
SZ1 to SZn used by the laser printer. In a case 
where the counting range to which the data SD 
belongs is detected, the size of the paper 21 is 
determined to be the paper size corresponding to 
the detected counting range and it is checked in 
the step S4 whether or not the thus determined 
paper size coincides with the paper size previously 
specified by the paper size specifying key. When 
the paper sizes do not coincide with each other, a 
message indicating that the paper cassette 20A 
should be replaced is displayed on the display of 
the operating section 38 and the print inhibition flag 
is set to inhibit the next printing operation, and then 
the paper size determination process is ended. On 
the other hand, when the paper sizes coincide with 
each other, a message indicating that the paper 
cassette 20A should be replaced is not displayed 
on the display of the operating section 38 and the 
print inhibition flag is reset, and then the paper size 
determination process is ended. 

When the count range to which the data SD 
belongs is not detected in the step S3, "paper 
feeding error" is displayed on the display of the 
operating section 38, the printing operation is inter- 
rupted, and then the paper size determination pro- 
cess is ended. 

As described above, in the above embodiment, 
the paper sensor 25 detects the presence of the 
paper 21 passing the preset position on the feeding 
path PH and the sensor circuit 42 permits the step 
counter 40 to count the clock pulses SCK1 for the 
detection period. That is, the step counter 40 ef- 
fects the counting operation without being sub- 
jected to the direct control of the microprocessor 
31. For this reason, the microprocessor 31 can 
effect the paper size determination process shown 
in Fig. 5 between the control processes for creating 
a toner image on the photosensitive drum 12. 
Thus, the task of the microprocessor 31 can be 
reduced so that time allocation for the respective 
tasks can be easily attained and the control pro- 
gram can be easily made, thereby making it un- 
necessary to use a microprocessor having a high 
processing ability. For example, even if a 4-bit 
microprocessor is used instead of the conventional 
8-bit microprocessor required for attaining the high- 
speed operation, a printing operation can be effec- 
ted at a high speed. 

Further, in the above embodiment, the step 
counter 40 counts the clock pulses SCK generated 
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from the clock pulse generator 35A provided for 
driving the feed motor 13, but it is also possible to 
count clock pulses generated from a clock pulse 
generator which is provided separately from the 
clock pulse generator 35A. 

In addition, when a plurality of paper sensors 
are disposed along the feeding path PH in order to 
detect a paper jam, the paper sensor 25 may be 
constructed by use of one of the paper sensors. 

Further, the mode data MD can be used for a 
process other than the paper size determination 
process. For example, the mode data MD specify- 
ing the mode "1 " can be used to determine the 
period during which developing voltage is supplied 
to the developing section 16 so as to charge toner 
to be attached to the photosensitive drum 12. 

Claims 

1. A paper size determination device comprising: 

paper sensor means (25, 42) for detecting 
paper passing a preset position on a feeding 
path (PH), and generating a detection signal; 
and 

determining means for measuring the gen- 
eration period of detecting signal generated by 
said paper sensor means (25, 42) and deter- 
mining the paper size according to the mea- 
surement, 

characterized in that 
said determining means includes: 
measuring means (40) for measuring and 
holding time data on the generation period of 
the detection signal in response to the detec- 
tion signal generated from said paper sensor 
means (25, 42); and * 

data processor means (31, 31 A, 31 B) for 
determining the paper size according to the 
time data held by said measuring means (40). 

2. A paper size determination device according to 
claim 1, characterized by further comprising 
mode setting means (39) for detecting that 
said measuring means has completed the 
measurement and setting a measurement 
completed mode. 

3. A paper size determination device according to 
claim 2, characterized in that said measuring 
means includes pulse generating means (35A) 
for sequentially generating clock pulses at 
least during the paper feed, and counter 
means (40) for counting and holding the clock 
pulses supplied from said pulse generating 
means (35A). 

4. A paper size determination device according to 
claim 3, characterized in that said mode set- 



ting means includes pulse generating means 
(44, 45) for generating pulses in response to 
the generation and interruption of the detection 
signal supplied from said paper sensor means 
5 (25, 42), and counter means (43) for counting 

the pulses supplied from said pulse generating 
means (44, 45) of the mode setting means 
(39). 

w 5. A paper size determination device according to 
claim 4, characterized in that said data proces- 
sor means includes checking means for check- 
ing the pulse count held by the counter means 
(43) of said mode setting means (39), to con- 

75 firm that the measurement completed mode 

has been set. 

6. A paper size determination device according to 
claim 5, characterized in that said data proces- 
20 sor means includes reset means for resetting 

the counter means (43) of said mode setting 
means and the counter means (40) of said 
measuring means. 

25 7. A paper size determination device according to 
claim 2, characterized in that said mode set- 
ting means includes pulse generating means 
(44, 45) for generating pulses in response to 
the generation and interruption of the detection 

30 signal supplied from said paper sensor means 

(25, 42), and counter means (43) for counting 
the pulses supplied from said pulse generating 
means. 

35 8. A paper size determination device according to 
claim 7, characterized in that said data proces- 
sor means includes checking means for check- 
ing the pulse count held by said counter 
means (43), to confirm that the measurement 

40 completed mode has been set. 

9. A paper size determination device according to 
claim 8, characterized in that said data proces- 
sor means includes reset means for resetting 

45 said counter means (43). 

10. A paper size determination device according to 
claim 3, characterized in that said data proces- 
sor means includes reset means for resetting 

so said counter means (40). 

11. An electrophotographic printing device com- 
prising: 

a feeding path (PH); 
55 feeding means (22, 23, FR) for feeding 

paper along said feeding path; 
an image carrier (12); 

image forming means (14, 15, 16, 17) for 
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creating an electrostatic latent image on said 
image carrier (12), developing the latent image 
and transferring the developed image to the 
paper on said feeding path (PH); 

motor means (13) for driving said feeding 5 
means (22, 23, FR); 

sensor means (25, 42) for detecting the 
paper passing a preset position on said feed- 
ing path (PH); 

pulse generating means (35A) for sequen- 70 
tialiy generating clock pulses to drive said mo- 
tor means (13); 

counter means (40) for counting the pulses 
generated by said puise generating means 
(35A) during the period in which the presence 75 
of the paper is detected by said sensor means 
(25, 42), and holding the count; 

mode setting means (39) for detecting 
from an output signal of said sensor means 
(25, 42) that the paper has passed the preset 20 
position, and setting a count completion mode; 
and 

data processor means (31, 31 A, 31 B) for 
confirming that the count completion mode has 
been set, and determining the size of the pa- 25 
per according to the count held by said coun- 
ter means (40). 
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